ABSTRACT -Background: Malnutrition is very prevalent in patients with gastric cancer and increases the risk of morbidity and mortality. Adductor pollicis muscle thickness (APMT) appears as an important objective, quick, inexpensive and noninvasive measure to assess the muscle compartment. Aim: To compare APMT and other nutritional assessment methods and to correlate these methods with postoperative mortality. Methods: Forty-four patients, 29 men and 15 women, mean age of 63±10.2 and ranging from 34-83 years, who underwent nine (20.5%) partial and 34 (77.3%) total gastrectomies due to stomach cancer (stage II to IIIa) were preoperatively assessed by Patient Generated Subjective Global Assessment (PG-SGA), anthropometry and laboratorial profile. Results: APMT better predicted death (p<0.001) on both, dominant and non-dominant hand, and well correlated with albumin (p=0.039) and PG-SGA (p=0.007). Conclusion: APMT clearly allowed to determine malnutrition and to predict risk of death in patients with gastric cancer.
INTRODUCTION

C
ancer has been currently considered as a major public health problem worldwide 28 , and malnutrition is a major cause of morbidity and mortality 28-30. Incidence of malnutrition in cancer patients ranges from 40-80% and patients with gastrointestinal tract cancer have a significant greater loss than those with tumors of other sites 30 . Despite high prevalence, approximately 50% malnourished patients are not well recognized by the medical staff at admission and therefore are not properly treated 3 . Malnourished patients are less likely to tolerate oncologic treatment. including surgery, than well-nourished ones. Nutritional depletion is a common problem in patients with cancer and is associated with poorer outcome 26 and more serious complications such as poor wound healing, fistula formation, infection as well as increased length of hospital stay and hospital costs, decreased survival and quality of life 30 . Malnutrition is defined as a deficiency status of macronutrients, micronutrients and energy that can produce considerable changes on body functions 27 . Cancer patients often have a decreased food intake due to a number of causes direct related to cancer per se and some authors suggested that 20% of deaths are related to malnutrition 
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and not only due to cancer itself 30 . By early evaluation of nutritional status and by restoring depleted nutrients, it can be minimized or virtually eliminated morbidity or mortality related to malnutrition 13 . There is still no acceptable consensus in clinical practice as to the gold standard on which diagnostic tool can allow adequate identification of malnutrition in adults 25 . All currently assessed parameters can be affected by a number of diseases and injuries. Moreover, it is difficult to distinguish malnutrition effects of those resulting from tumor progression, as well as it remains unclear which method commonly used would be more reliable due to lack of comparative data 20 . Among the conventional anthropometric measurements, evaluation of adductor pollicis muscle thickness (APMT) appears as an important variable of objective measure to assess muscle compartment, being considered a quick, inexpensive and noninvasive method 29 . Patient-Generated Subjective Global Assessment (PG-SGA) has been used as a gold standard in many studies. However, being a subjective assessment proper understanding and good performance is crucial since its accuracy depends on the observer's ability. Other methods more or less expensive and feasible are also used in clinical practice. A combination of different methods is still the preferred choice of most professionals 25 . In a previous study, concerning nutritional assessment in patients with gastrointestinal tract tumors, APMT demonstrated association with malnourishment 25 . Therefore, the aim of this study was to compare and correlate APMT with other nutritional assessment methods to determine its power in predicting postoperative mortality.
METHODS
This is a prospective study, including 44 patients ( Patients older than 18 years with a histologically proven gastric adenocarcinoma who underwent gastrectomy and agreed to sign the written consent, were included.
To determine the sample size, it was considered based on the relationship between DAPMT and death, where the difference average DAPMT between groups died (10.8±3.7) and survived (13.9±2.9) was approximately 30%. Thus, assuming an error margin of 13% to achieve the estimated difference, and a significance level of 5% (a=0.05) and 80% sample power (1-ß), the minimum estimated size sample was 39 patients. As this study considered the convenience sampling, were included 44 patients who agreed to participate in the previously established period.
Patients were assessed by the same protocol within 72 h of hospital admission by the PG-SGA. classical anthropometry including current weight, percentage of weight loss (%WL); body mass index (BMI), arm circumference (AC) and mid-arm muscle circumference (MAMC), triceps skinfold (TSF), adductor pollicis muscle thickness (APMT) and laboratory measurements of albumin and total lymphocyte count (TLC).
In this study was used an adapted Portuguese validated version of PG-SGA, proposed to assess oncologic patients 19 and the results were described into three categories as A (well nourished), B (risk of malnutrition or moderate malnourished) and C (severely malnourished). The sum of the scores was used to determine specific nutritional approaches 23 . To measure current weight and height was used a digital scale Welmy ® platform type graduated in 100 g and a measuring ruler previously calibrated in the same scale in which the weight was measured. Were used the tables proposed by Lipschitz et al. 18 and WHO 21 to classify BMI of adult and elderly patients, respectively. The usual weight was recorded as referred by the patients, and it was considered to calculate the percentage of weight loss 5 . AC was measured using a non-extendable plastic tape in the non-dominant arm and MAMC was calculated according to Frisancho 9 . TSF was measured by a Lange ® caliper with accuracy of 1mmand the pressure of the spring is constant at 10 g/mm². APMT was measured with patient in a sitting position, hands lying on knees and elbow at an angle of approximately 90° over the ipsilateral lower limb. The Lange ® caliper was used,using a continuous pressure of 10 g/mm 2 to pinch the adductor muscle in the vertex of an imaginary triangle comprised by the extension of the thumb and index finger 15, 16 . The common used hand for writing or physical activity was considered as the dominant one. The average of three distinct measurements was considered to be the mean APMT. All measurements were performed by the same observer (AKP) and checked in triplicate attempting to reduce biases. Laboratory profile was obtained through routine blood samples from all patients.
Statistical analysis
Included the Pearson, chi-square with continuity correction or Fisher exact test by Monte Carlo simulation. Were used for quantitative approach, Kolmogorov-Smirnov tests; t-student test for independent groups; Mann-Whitney and Pearson correlation. SPSS (Statistical Package to Social Sciences for Windows) 17.0 was used for all analyses and a p level of 5% was considered to be significant.
RESULTS
Overall a total of 44 patients (29 men, 15 women) were included in the study. All patients were diagnosed as AJCC 2010 pathological stage II or III. All but one underwent gastrectomy, being nine (20%) partial and 34 (77%) total gastrectomies. The remaining patient was submitted to esophagogastrectomy. Dominant hand of adductor pollicis muscle (DAPMT), non-dominant hand of adductor pollicis muscle (NDAPMT) and PG-SGA had the better prediction of 30-day postoperative death (Table 1) . Correlation of APMT with other nutritional parameters is presented in Table 2 . A significant moderately negative correlation of DAPMT (r=-0.399; p=0.007) and NDAPMT (r=-0.372; p=0.013) with PG-SGA was observed. Comparing DAPMT with albumin, a significant moderately positive correlation was demonstrated (r=0.319; p=0.039), indicating that the higher OriginAl Article
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the DAPMT the greater the levels of albumin. Table 3 shows a statistically significant association of death when patient is assessed as B or C according to the PG-SGA or when the APMT measures are the worst. DAPMT=dominant adductor pollicis muscle thickness; NDAPMT=non-dominant adductor pollicis muscle thickness; PG-SGA=patient generated subjective global assessment
There were significant statistical differences of DAPMT (p=0.023) and NDAPMT (p=0.049) in relation to death. In both cases the mean of APMT in patients who died were significantly lower. Nutritional parameters and hospital stay, as well as their correlation with AMPT, are presented in Table 4 .
DISCUSSION
Nutritional assessment performed immediately following admission allows establishment of an early diet therapy plan in order to improve nutritional status and to minimize the risk of postoperative complications.
The APMT is the only muscle that allows directly evaluation and measure of thickness since is located between two bones and has a definite anatomical location 15, 16 . Furthermore, the APMT is easily accessible and is minimally affected by adjacent subcutaneous fat tissue 4 . Gonzalez et al. 11 evaluating healthy subjects observed a significant association only between measured AMPT and BMI and Oliveira 22 showed a significant association of lean mass (p<0.005) and handgrip (p=0.0024) in stroke patients, while APMT was well correlated with anthropometry and bioimpedance. On kidney dysfunction, Oliveira et al. 8 observed a significant association of AMPT with BMI, phase angle, albumin and mid-arm muscle circumference, while Pereira et al. 24 positively correlated APMT with handgrip (p<0.05), serum albumin (p=0.07) and inversely with age even when linear regression analysis was adjusted for sex, age and time on hemodialysis.
Our results demonstrated that nutritional status based on AMPT had a good correlation with other nutritional parameters such as the PG-SGA that is considered as a gold standard method in many studies 25 . APMT also had a good prediction of 30-day mortality considered as a good outcome in clinical investigations. The median of APMT found is similar to that presented by Valente et al. 29 in patients submitted to surgical procedures, including those ones with cancer as well.
There are few published studies assessing APMT 12, 19, 25, 29 and its relation with other nutritional parameters predicting both, mortality and length of stay. Distinct cutoffs have been suggested APMT=adductor pollicis muscle thickness; DAPMT=dominant adductor pollicis muscle thickness; NDAPMT=non-dominant adductor pollicis muscle thickness; TLC=total lymphocyte count; BMI=body mass index; PG-SGA=patient generated subjective global assessment; Spearman´s rho correlations, Correlation coefficient:* 5% of significance */+ 1% of significance. from different studies in specific clinical condition such as intensive care 7, 10, 14, 17 , breast cancer 2 , kidney dysfunction 24 , hemorrhagic stroke 22 and general gastrointestinal surgical procedures 6, 19 . Even for healthy adult population there are no reliable and established range and average figures to be used as a parameter of normal range 11, [15] [16] . To date, to our knowledge, there is no study testing AMPT assessment in patients undergoing gastrointestinal cancer surgical procedures to provide a reliable comparison of results as assessed in this study.
Ghorabi et al. 10 by prospectively evaluating 127 ICU patients, 55 (43%) of them who were surgical patients, found in the modified multivariate regression analysis. APMT had higher correlation with mortality (OR=5.6; p<0.001) and length of stay >10 days (OR=11.3; p<0.001). On evaluating 248 patients admitted either to a medical or surgical ICU, Caporossi et al. 7 found APMT significantly lower (p<0.001) in severe unnourished patients as compared to nourished ones; and risk of death was 6-fold higher in subjects with thinner APMT (OR=6.3; p=0.02). Nevertheless, no correlation with length of stay and mechanical ventilation time were found. ROC curves between APMT and SGA APMT showed accuracy with an AUC of 0.82, though neither death or length of stay were statistically significant in a cross-sectional study with 83 heart intensive care patients 14 .
In contrast, a study conducted in Singapure 17 with 229 patients in ICU (no diagnosis specified). APMT failed to show significance for mortality at 28 days or for length of stay.
On surgical patients, mid-arm muscle circumference (MAMC), commonly referred as a good parameter for muscle load showed a good correlation with APMT (p<0.05), unlikely what was observed by Melo et al. 19 with 151 patients scheduled for elective surgical procedure (40% with gastrointestinal cancer) that found association with AC (p=0.007), TSF (p=0.001) and BMI (p=0.001).
In a study with 150 candidates for reconstructive surgery, Valente et al. 29 found a significant association between APMT and SGA (p=0.021) and BMI (p=0.008) for nutritional risk. Also a significant correlation was demonstrated between APMT and MAMC (R 6 also showed a good association (p<0.05) between AMPT and other nutritional assessment methods such as BMI, %WL, TSF and MAMC. There were no association with laboratory profile and APMT mean values in eutrophic patients by SGA significantly higher (p<0.001) than less unnourished, and these were also higher (p<0.05) than severe malnutrition (ASG-C). In this study these parameters, %WL and BMI did not correlate significantly with AMPT.
Gonzalez et al. 12 studying surgical patients (n=361), none with cancer found a direct correlation (-0.61, p<0.05) between SGA and DAMPT showing significantly higher values of AMPT in well nourished patients assessed by SGA, as seen also in this study.
The use of APMT proved to be an adequate method to detect malnutrition in surgical patients in many studies 6, 12, 19, 27 and it should be added to the screening process for inpatients, since it is easy to perform, low-cost and noninvasive 29 .
Worldwide studies are needed to compare results and to consider multiracial land local differences that can significantly affect APMT measurement, especially in countries such as Brazil, where ethnicity and race are usually self-attributed and may hinder accuracy for estimates. An ongoing study shall better determine an APMT cutoff measure predictable of poor outcome.
